Pavlovian fear conditioning is an evolutionary conserved and extensively studied form of associative learning and memory. In mammals, the lateral amygdala (LA) is an essential locus for Pavlovian fear learning and memory. Despite significant progress unraveling the cellular mechanisms responsible for fear conditioning, very little is known about the anatomical organization of neurons encoding fear conditioning in the LA. One key question is how fear conditioning to different sensory stimuli is organized in LA neuronal ensembles. Here we show that Pavlovian fear conditioning, formed through either the auditory or visual sensory modality, activates a similar density of LA neurons expressing a learning-induced phosphorylated extracellular signal-regulated kinase (p-ERK1/2). While the size of the neuron population specific to either memory was similar, the anatomical distribution differed. Several discrete sites in the LA contained a small but significant number of p-ERK1/2-expressing neurons specific to either sensory modality. The sites were anatomically localized to different levels of the longitudinal plane and were independent of both memory strength and the relative size of the activated neuronal population, suggesting some portion of the memory trace for auditory and visually cued fear conditioning is allocated differently in the LA. Presenting the visual stimulus by itself did not activate the same p-ERK1/2 neuron density or pattern, confirming the novelty of light alone cannot account for the specific pattern of activated neurons after visual fear conditioning. Together, these findings reveal an anatomical distribution of visual and auditory fear conditioning at the level of neuronal ensembles in the LA.
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Introduction
It is widely thought that only a subset of neurons in a whole population encodes any given memory (Rumpel, LeDoux, Zador, & Malinow, 2005; Han et al., 2007; Bergstrom, McDonald, & Johnson, 2011; Chapeton, Fares, Lasota, & Stepanyants, 2012; Liu et al., 2012) . What is not known is precisely which neurons in a population are allocated for memory encoding, and which neurons are not (Johnson, Ledoux, & Doyere, 2009) . Localizing memory in neuronal subsets is a formidable research challenge (Krupa, Thompson, & Thompson, 1993) and is of clinical relevance for understanding disorders of learning and memory, such as posttraumatic stress disorder (PTSD) (Johnson, McGuire, Lazarus, & Palmer, 2011) and addictions (Hyman, 2005) .
Pavlovian fear conditioning is an extensively used behavioral paradigm for studying learning and memory in the brain (Davis, 1992; LeDoux, 2000; Johnson et al., 2011; McGuire, Coyner, & Johnson, 2012) . In Pavlovian fear conditioning, a previously innocuous sensory stimulus, such as a tone or light, quickly acquires negative valence (conditioned stimulus, CS) after being paired with a naturally fearful stimulus (unconditioned stimulus, US). As a result of CS and US pairing, a stable and lasting fear-evoking memory about the CS is formed. The molecular, physiological Abbreviations: LA, lateral amygdala; LAd, dorsolateral amygdala; LAvl, ventrolateral amygdala; LAvm, ventromedial amygdala; LP, lateral posterior nucleus; TE2, secondary auditory cortical area 2; p-ERK1/2, phosphorylated extracellular signalregulated kinase 1/2; LV, lateral ventricle; CS, conditioned stimulus; US, unconditioned stimulus; CV, coefficient of variance; SEM, standard error of the mean; aFC, auditory fear conditioning; vFC, visual fear conditioning; SD, standard deviation; PTSD, post-traumatic stress disorder.
